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HERTZ’ EXPERIMENTS ON THE ELECTROMAGNETIC 
THEORY OF LIGHT. 


By DR. CHAS. A. PERKINS. 


ee industrial applications of electricity have had an 

astonishing growth within recent years, but the enlarge- 
ment of our knowledge of the nature of electricity itself, and 
its relation with various physical forces, has been no less re- 
markable. 

Faraday was the first to prove the intimate connection be- 
tween electricity and light, showing that the plane of polar- 
ization of light is rotated by an electric current, somewhat 
as it is rotated when passing through a sugar solution. 
Faraday further ventured the suggestion that light itself 
might be an electrical vibration, and that electrical and mag- 
netic forces might be exerted by means of the luminiferous 
ether, “for it is not at all unlikely that, if there be an ether, 
it should have other uses than simply the conveyance of ra- 
diations.” These ideas of Faraday were submitted to math- 
ematical tests by Maxwell, who found them capable of ex- 
plaining and accounting for the facts, and upon them he 
based his well known electromagnetic theory of light. 

Everyone who has used a telephone is familiar with the 
fact that when variable electric currents are passing along a 
wire, currents are thereby set up in the parallel telephone 
wire. Maxwell showed that if such a disturbance traveledas | 
a wave from one wire to the other through the air, it should 
travel with the velocity of light. Maxwell’s theory is, in 
short, that light is itself such a wave of magnetic induction. 
According to this theory, light is produced by rapidly alter- 
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nating currents in the luminous body, the direction of the 
currents being reversed about one thousand million million 
times per second. Several of the optical properties of bodies 
can be explained by this theory, especially the extreme 
opacity of metals; and so strong was the evidence in its favor 
that the theory was considered by scientists to be highly 
probable, even in the absence of direct experimental proof, 
Indeed, currents of such a high rate of alternation are not to 
be measured by any ordinary electrical apparatus, nor is it 
easy to experiment upon the velocity of a wave which travels 
(as does light) with a velocity of 186,o00 miles in a second. 

Direct experimental evidence was first obtained eight 
years ago by Prof. Hertz, in the following way: 

Two conductors were placed very near each other and con- 
nected, one to each electrode of an induction coil, so that. 
when the coil was in operation sparks should pass from one 
conductor to the other. Under these circumstances the elec- 
tricity does not simply jump across the gap and come to rest, 
but vibrates back and forth in aseries of sparks which follow 
each other at a rate depending upon the shape and size of the 
conductors used. For those first employed by Hertz they 
succeed each other at the rate of one hundred million per sec- 
ond. Of course there are nut one hundred million sparks— 
perhaps half a dozen, but these follow each other at this rate. 
On holding near these sparking conductors a ring or rectan- 
gle of wire in which was a break at one point, sparks were 
seen at this break whenever they occurred between the con- 
ductors, showing that the electrical vibration had the same 
power as an electrical current to inducea current in a neigh- 
boring wire. Having calculated the number of vibrations 
per second in these wires, the next question was whether the 
induction traveled as a wave, or whether the current was pro- 
duced by the electrical vibration acting directly and instantly 
upon the wire. 

A large sheet of zinc was hung upon the further wall of 
the room to reflect the wave of induction, if it were a wave, 
and as a result it was found that at regular distances from 
the sparking conductors, the induced spark in the wire could 
not be obtained, while at intermediate points it was intensi- ~ 
fied, just as when waves upon the surface of water are re- 
flected back, there are certain points where the surface is at 
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test, while between these points the water rises and fallsina 
wave more vigorous than before. 

Hertz thus found evidence of the existence of a wave of 
induction, and succeeded in measuring its length, and from 
the wave length and. the number of vibrations per second, he 
calculated its velocity. This velocity proved to be, as nearly 
as his experiments would show, equal to the velocity of light. 

To further study the similarity between this electrical 
wave and light, Hertz made two large parabolic mirrors of 
sheet zinc. In the focus of one of these he placed the two 
conductors which were in connection with the induction coil; 
in the focus of the other he placed two similar conductors, 
between which a spark would jump when they passed between 
the first pair. 

The mirrors were placed facing each other and acted per- 
fectly as reflectors, concentrating the wave and causing a 
vigorous sparking in the second pairof conductors. Metallic 
screens placed between’ the mirrors showed that the wave 
traveled in a straight line. By a large prism of pitch the 
wave was bent out of itscourse asa beam of lightis refracted. 

So complete was the similarity of the electrical wave to 
that of light, that not a doubt remains in the mind of any 
physicist as to the identity, or at least the close connection, 
of the two. 

The extreme interest and importance of these experiments 
led the writer of this article to desire a picture of the lecture 
room in the Technical college at Carlsruhe, Germany, where 
the experiments were carriedon. Through the great courtesy 
and kindness of Dr. Lehmann, successor to Prof. Hertzinthis 
institution, such a picture has been obtained, and a copy forms 
the frontispiece of this magazine. The room has been re- 
stored, as far as possible, to its condition at the time of the 
experiments, and such of Prof. Hertz’ apparatus as still re- 
mains intact is shown in the cut. The large reflectors are 
shown in position, with the prism of pitch placed between 
them, to determine its refractive power. The circles and rec- 
tangles of wire, reflecting sheets of metal, a large wooden 
frame on which are strung wires for experimenting on the 
“polarization” of the wave, are all shown. The man who is 
represented holding this large frame in his hand is Mr. 
Amann, who assisted Prof. Hertz in carrying out his meas- 
urements. The picture also shows the stoves.and iron col- 
umns at the sides of the room, which Prof. Hertz afterward 
believed had introduced certain errors into some of the meas- 
urements. . 
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THE OCCURRENCE OF TITANIUM.! 


By. PROF. CHARLES EH. WAIT, PH. D. 


ioe is not my present purpose to repeat what has been al- 
ready frequently published relative to the presence of 
titanium in minerals, typical rocks, meteorites, clays, soils, 
blast furnace products, etc. I wish merely to call attention 
to the fact that some of the bodies with which we have much 
to do contain titanium, and that probably owing to the dith- 
culties formerly experienced in its estimation, it has been 
more frequently overlooked than is generally supposed. 

In the recent examination of food materials, under the 
direction of the United States Department of Agriculture, I 
have had occasion to makeanalyses of the ashes of some plant 
materials, and this having led to further investigations, I 
was interested and suprised to find titanium present in every 
plant ash thus far examined. 

This is in fact surprising, as it is stated by some writers? 
that “it does not appear to form part of the animal or vege- 
table kingdom.” 

The amount of titanic oxide found in the ash of some vege- 
table material is as follows: 


Per cent. 
Oak WOO ve cetcsee ee beicrcee Fee oe ee en ee ne 0.31 
Apple antl pear: WOOU. TM XCCltoe cent tars etter hte: 0.21 
A.D DIG ti rts ck ncaa naa pee es, Ue ee eee ee Re cet aoe Sey 2 ae 0.11 
COW VOSA Gade 2 ech ane ep tage ete ee oe ee ee a ee eee ae 0.01 
Cotpenseed meals: ?. 236 ate ee ee eo eee a ee ene 0.02 


From the above determinations we are reasonably safe in 
assuming that titanium is assimilated by plants. If this is 
true, it seems very strange that reference to this fact has not 
been made by recent writers upon agricultural chemical 
analysis, and upon the chemistry of vegetable life. 

In fact, in consulting treatises on ash analysis with tables,* 
I do not find any mention whatever of the presence of tita- 
nium. If this is a fact, can it be true that it has escaped the 
attention of chemists for so long a time? 


1 Reprinted from the Journal of the American Chemical Society, Vol. XVIII.. 
No. 4. April, 1896. 


2 Roscoe & Schorlemmer, 
3 Wolff. 
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The examination of the ash of bituminous and anthracite 
coal shows the presence of titanic oxide. The results of 
some determinations are as follows: 


Per cent. 
Telicoehenty. 5 bIfUMmINOUS COA! csc neue eee 0.69 
Ocar Creek (Tenn:) bituminous Cowl. 4ec os ee ee 0.95 
Pocahontas (Va.) bituminous coai.............. Nate tanene ee 0.94 
Middlesborough (Ky.) bituminous coal......... 0.0.0.2... 0.83 
Pennsylvania anthravite coal........0....5.0...eceeese EE Pek 


With reference to the presence of titanic oxide in the ash 
of coal, it may be fairly assumed that partly owing to the in- 
filtration of clay and earthy materials, it would be found 
there, but is it fair to assume that its presence is wholly ac- 
counted forin that way? If mention has been made of the 
presence of titanium in the ashof coal, it has thus far escaped 
my attention. 

The method employed in the above determination is that 
of A. Weller, which is based upon the fact that hydrogen 
peroxide, when added to a solution of titanium, produces a 
compound of an intensely yellow color. There are precau- 
tions necessary in the execution of this method which have 
already been pointed out. 

It will be my pleasure to report additional notes at an 
early day concerning the presence of titanium in the vegeta- 
ble kingdom. Valuable service has been rendered in the 
above work by Messrs. J. O. LaBach and C. O. Hill 
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NOTES ON THE ZINC DEPOSITS IN TENNESSEE. 


By W. H. GILDERSLEEVE. 


q[ eo ke is not generally classed as a zinc-producing 

State, and comparatively little is known about its de- 
posits. While the production of zinc in this State is insignfi- 
cant when compared to that of the zinc districts of foreign 
Tands, or that of Missouri, Wisconsin, and New Jersey, yet 
there occur in the eastern part of the State some deposits of 
ore of excellent quality, and, as far as developed, promise to 
be of considerable value. 

The zinc deposits of Tennessee are mainly in the Valley 
of East Tennessee. Sphalerite, or blende, is found in con- 
nection with galenite in Johnson and Union counties, and near 
Cleveland, but in the more important deposits the ores of 
lead are absent. They arefound inthe Knox dolomite, which 
extends from the Virginia line, through the Valley to the 
Georgia line. Indications of ore have been found all along 
the trend of the dolomite, but apart from the two or three 
openings which will be mentioned later, no deposits of value 
have been discovered. 

The deposits in Union and Claiborne counties have been 
long known. About one-half mile from Powell’s river, in 
Union county, occurs a very fair deposit, but it has been 
worked very little. The following description of this region 
is taken from Safford’s Geology of Tennessee, page 487. “The 
ore outcrops ina belt or zone, which is from fifty to sixty feet 
wide, and runs in an east-northeasterly direction across a low 
ridge. This zone has always been marked out by the absence 
of trees. Over the area, six or seven pits were dug many 
years ago, and a dozen tons of ore thrown out. The ores 
smithsonite and calamine, with here and there buttons and 
small masses of galenite, and occasionally sphalerites occur 
with much siliceous matter, in irregular veins. The veins 
are from a few inches to several feet in thickness. Therocks 
of the vicinity are dark and blue magnesian limestone of the 
lower part of the Knox dolomite. The strata in general are 
approximately horizontal.” Theore from this mine was ship- 
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ped for several years down the river to Clinton to the smelter 
at that place. But since that furnace closed down, about five 
years ago, nothing has been done with this ore. Near Taze- 
well occurs another small deposit. About five miles south of 
Cleveland, at Blue Springs, the zinc occurs along with the 
lead, and is mined to a limited extent. 


ZINC MINE NEAR NEW MARKET, TENN. (Looking West.) 


The deposits at Mossy Creek and New Market, in Jeffer- 
son county, are thus far the most important, and the latter, 
although just lately opened and comparatively undeveloped, 
promises to be the most valuable occurrence in the State. 
The opening of the deposit at New Market is about twomiles 
east of the station on the Dandridge pike. The deposit is 
opened on the north side of the pike and extends up a small 
valley at right angle to the valley of Lost Creek, and tribu- 
tary toit. The water in the latter is utilized in separating 
the ore from the gangue. In wet weather there is considera- 
ble underground water in the valley where the deposit occurs, 
but there is no surface stream. The presence of zinc there 
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has been known to one or two persons for some time, but it 
was not generally known until the party interested could get 
possession of the property. This was done in the Fall of 
1895, and immediately prospecting was begun with fair re- 
sults. Like most other zinc deposits, this one occurs in dolo- 
mite—the Knox dolomite. This dolomite is crystalline and 
dark blue in color at that place. The general strike is north- 
east. The deposit at Mossy Creek seems to occur in the same 
ledge, while those of Union and Claiborne counties are to the 
west of it. The dip of the rock at New Market is between 
37° S., and nearly horizontal. The ore occurs toward the base 
of the series, apparently in the Cambrian system. In some 
places there are indications of faulting. 

The deposit at New Market is at least fifty feet wide at 
the surface, but the length and depth are not known. The 
deepest opening in April, 1896, (since then work has been 
going on quite steadily), was only about twenty feet, and the 
quality seems to increase with the depth. Sphalerite, smith- 
sonite, and calamine are all found, the calamine being quite 
scarce. The smithsonite seems to predominate at the sur- 
face, and decrease in quantity with the depth, while the re- 
verse is true of the sphalerite. This would indicate that at 
one time the whole deposit existed as sphalerite, and near the 
surface it has been changed to smithsonite by aqueous and 
atmospheric agencies. The sphalerite being first changed to 
zinc sulphate, which in turn was changed to smithsonite, the 
carbonate. Such is probably the case here. The sphalerite 
occurs very pure. At first only very small pieces were 
mined, but now blocks of pure sphalerite, between two and 
three feet on an edge, are taken out. It has a waxy lustre 
and yellow color. As exposed, it occurs in parallel veins, 
with cross veins intersecting. The veins increase in size 
with depth, varying from one-fourth inch to three feet in 
thickness. The gangue is crystalline dolomite, but calcite 
frequently occurs. Some of the veins have the appearance 
of having been separated, and small “horses” of dolomite 
formed. 

The smithsonite occurs in veins, sometimes in contact 
with the sphalerite, and sometimes separate. It hasa yellow- 
ish color, with sometimes a blue tinge. The calamine, when 
present, occurs along with the smithsonite. 
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Below are given the results of analyses of the ores made 
at the University of Tennessee: 


SAMPLE OF SMITHSONITE FROM NEW MARKET. 


SEC ay ee sare APUe secre eae AER UO Ee i a ee ee 13.10% 
FeO. CO, sisi satisiers alcfale islet sivfape siete ten eles elousrctalsteioie ove «stor tirie's eleieare(e arcie over sie overt eveiere Lagee 
Fe, O; aust Orar\Ghai'n(010/ a. GcevaiSevoe ie ease ict w. fier ean ouster erste blemieta*eieiare later cieitieien eleinte ore terete eranert .66 “ 
CORES GLO Digs atest By: ate eee RON rea Ne es Teak aie tee Mec lk roe. sr Pr 
MgO. CO... Fa slelstaiuieme cists Sarees Cthades Ob Ain ch aaah CA eae ee 56 
rio) GO (Dy citlererice ). ois see nad en ae ee 83.29 * 

100.00 “ 

SAMPLE OF SPHALERITE FROM NEW MARKET. 

POE Dias Meee eras ho sat aM ete ad ee oc PER eee eee 7.57% 
Fe, Os, Al, O; clofete ste veherscars i inie) ate .ovstersl ake) oj NT ong lerstemiversraieielters’ sel sists (etal crevovacets areiniersiaisiets 1.66“ 
CAO) siiok vos cee oh SAL Oe LA oc ee nae eee oe, 5.98 * 
AD Oa ares tug ates toes attire tee Me ee en oe See See 04 ' 
AAS ACL Ved LLGT GNLCO)) 2 Gor rete dt Mingatt ce bok rosea coder es 84.75 * 

100.00 

SAMPLE OF SMITHSONITE AND CALAMINE FROM MOSSY CREEK. 

POU Deer wee gst, Uieten os, bei, SOR ee RO oe wy Re ne te ead 19.09% 
Fe, Os; eisSile mire iitaie. + clele o(clees cia en vakerelaialcts nrcidiseiele Aitimsle sian otlen saceies terns nee siete YAU aes 
TS Ore SRN h ae AnO ce Laas OE onl Ae haces Rok Ai en EU tak pat de S15 
REY CMe) Seater Cory teaet gs ct eenk nga tae ep SIM BO: ety cana 4.34% 
LOAD nC Osh anina har ade AP atenid piss assent e eg aa eute eo ew ant 34 $25 Belmar 
LAGS COL) donk Copan hc ate ees < paa bead saaheay Cs eens ee dsc nt Nee 28.81 “ 
(ZnO), SiO. Hes (OBO res ae Hee atin hg pated. Gt) UBBer aad aaa 40.49 * 
Ae G) ALICE UG OS Nene eee cc asceire cos taes bate POO fc en a eee 1.25" 

100 00 “ 


Around on the near-by hills are numerous diggings where 
people have been prospecting on their own land, and it is 
possible that other valuable deposits may be found in that 
locality. The owners of the opened deposit have erected a 
separator at the mine, which began operations in the latter 
part of May, 1896. After separation, the ore is shipped to In- 
dianapolis, where the owners have an extraction plant, Dur- 
ing May (1896) there were about three carloads of ore being 
shipped in a week, but since the separator is now in operation 
the shipments will increase. As suitable labor for smelting 
works would hardly be procurable in Tennessee, it is found 
by experienced operators of zinc mines to be more economi- 
cal to ship the ore away than to erect a smelter at the mines. 

The old mine at Mossy Creek is in the town, and near the 
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Southern Railroad—the railroad crosses the vein at the edge 
of town. As said before, this deposit seems to occur in the 
same ledge as the one at New Market. However, the dolomite 
at Mossy Creek seems to be fractured more than that at New 
Market. In general the mode of occurrence at the two places 
is the same. The most important ore at Mossy Creek was | 
the smithsonite. The deposit seems to have given out be- 
fore a sufficient depth was reached to find the unchanged 
sphalerite. This mine has not been worked for sometime. 
Since the discovery at New Market, however, the interest in | 
zine at Mossy Creek has revived, and as a result there is con- 
siderable prospecting with the hope of finding a deposit bet- 
ter than the one formerly worked. Up tothe first of May, 
(1896), one company had dug between one hundred and fifty 
and-one hundred and sixty pits from twelve to fifty feet deep.. 
They had found no fair indications near the town until the 
last four or five holes dug, about one-fourth mile north of 
the railroad. However, better indications have been found 
about two and one-half miles north of the town. 

There is a plant at Mossy Creek for the separation of the 
ore from the gangue, and for the manufacture of zinc—white, | 
but this has not been in operation for some time. When the 
mine was in operation most of the ore was shipped to Vir- 
ginia and Clinton, Tennessee. 

The deposits in Tennessee, thus far opened, have not been 
worked so extensively as those of other States, and the out- 
put, therefore, iscomparatively small; butthe openings at New 
Market and Mossy Creek have fair prospects of a large out- 
put, if they are developed, and Tennessee may yet become an 
important zinc-producing State. 


CHARLES A. PERKINS, Ph. D. 


Professor of Physics, University of Tennessee. 
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DR. CHARLES A. PERKINS, 
PROFESSOR OF PHYSICS AND ELECTRICAL ENGINEERING. 

Gase A. PERKINS, Professor of Physics at the Uni- 

versity of Tennessee, was born in Ware, Massachusetts, 
October 31st, 1858. His father and grandfather were Con- 
gregational ministers, and members of that sturdy Puritanic 
stock which first settled the bleak coast of Massachusetts, 
and laid the foundations of the American republic. He is a 
direct descendant of Captain Miles Standish, and therefore 
enjoys the distinction of being able to say that his ancestors 
came over in the Mayflower. 

His early education was thorough, and was obtained at 
the public schools of his native village, where, too, he was 
prepared for college. At the age of sixteen he entered 
Williams College. There he had for one of his instructors 
the celebrated Mark Hopkins, of whom Garfield once said: 
“This peerless teacher on one end of a log and a student at 
the other, would constitute a college, even in the wilderness!” 

He graduated with the degree of A. B. when twenty, and 
at once entered the profession of teaching, for during the 
following year he took his brother’s place as Professor of 
Mathematics in Lawrence University, Appleton, Wisconsin, 
the Methodist college of that State. 

Dr. Perkins began his post-graduate study at Johns Hop- 
kins University in 1881, having received a scholarship in De- 
cember of that year. The following year he was granted 
another scholarship, and the third year a fellowship. His 
thesis was entitled “The Magnetic Permeability of Nickel,” 
which was published by the Johns Hopkins University. 
After taking the degree of Ph. D., he was invited to remain 
as instructor of physics, which position he held for three 
years. This fact indicates the high estimation in which his 
scholarship and ability were held by the University authori- 
ties. Leaving Johns Hopkins, he went to Bryn Mawr College 
to take charge of the department of physics. There he re- 
mained until 1891. In 1892 he was elected Professor of 
Physics in the University of Tennessee, and entered upon 
his work in September of that year. 
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Dr. Perkins is an enthusiastic student, and is fully alive to 
every invention or discovery in the line of physics. ‘He is, 
himself, constantly engaged in original investigations. His 
exceptional educational opportunities, and his untiring energy, 
have fitted him well for his chosen field of labor. He spent 
the summer of 1891 at practical work in the Thompson-Hous- 
ton electrical works, at Lynn, Mass., and the summer of 1889 
was spent in visiting laboratories in Germany, and in study- 
ing methods employed therein. 

Messrs. Henry Holt & Co. are to bring out a volume by 
Dr. Perkins, entitled‘‘Outlines of Electricity and Magnetism.” 
The explanations are based upon Faraday’s lines of force, and 
Maxwell’s conceptions of forces exerted by the action of elec- 
trified bodies. The book is not acomplete treatise; but short 
and clear descriptions of the essential phenomena and their 
teachings give the student an outline of the whole science. 
The arrangement of the book has already received the com- 
mendation of experienced teachers, and its general treatment 
is perhaps more up to date than that of any text-book on elec- 
tricity now in use. 

A recent invention of Dr. Perkins is an improved bicycle 
dynamometer. Patents have been applied for covering the 
fundamental principles of such dynamometers, and after some 
experiments, he has devised a form of that instrument which 
may be readily used to test the work required by different 
machines, as well as the effect of speed, grades, road, material, 
etc., and tests on these points are expected to show interest- 
ing results this summer. | 
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FREE-HAND LETTERS FOR WORKING DRAWINGS. 


Tee need be said in connection with the following 

samples of free-hand letters. The writer sent a circular 
letter to the chief draughtsmen of a number of large manu- 
facturing establishments asking for sample cards of letters 
representing what experience had shown to be the best style 
for working drawings. The cost of making, legibility, and 
neatness were to be considered in making the choice. The 
hearty co-operation of these gentlemen, and the many re- 
quests for copies of the published plates, indicate the import- 
ance which men in a designing office give to the subject of 
free-hand letters for working drawings. 

The gentlemen supplying the cards were asked to sign 
them, also to give the names of the firms which they repre- 
sented. The first three samples were kindly supplied by 
draughtsmen connected with the Patent Office. 

Cuas. FERRIS. 


‘ 


ABCDEKFGHTISALMN OP QLLRST CV IVXITZ. 
wocaclghrcsyk lire WOpYTstU UWHYE. 


LZ 3BLDOCIEIO. 


No orre Ahitttg £8 rove LAWULCMOMME YOUTLG 
ATOM SIICTENMUGAMCILG UWE COMSUCCILCE Of Stt- 
peractlencdertl_ aid workin tert tseant the aol - 
Ly toletter_a AAW G GULCK¢Y, tEAM Y, C00 
so plattly hal 10 L0OTKICAC CATe Cver reatkEe 
@ rretstcake O00CAUSC.OL MAM MY CO TCA MOTAS 


ANA LLGUTCS « WE 
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ABCDEF GHIJHLMNOPORSTU 
VWXYZ 


abedetghijyklmnopgrstuvw xyz 


LEE MOM ME AO 


No ene thing ts more helptul to the young 
dratisrran in gauung the conti dence of super 
interndent and workmen thar the ability to letter 
a drawing quickly, neatly, and so planly that ro 
workman can ever make a mistake because of 


ability to read words and figures. 


AB CDEFGHITALMNOPORS 


TUVWXYZ 
abcd esgh ph Creneop QT's 
CULV WH YE 
L235 4 SO FLEGL 
No one Ching is more helptatl lo the young 
Aras CSIILOAIUL CC IJBRIG the contidence of supericlen- 
dent and workmern thar lhe abtlity to leer a 
LT AW LG guctchly, really, AHA SO plainly Hat ro 
worknear car ever make amistake because of 


wab lily to read words and figures. 
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ABCDEFGHIJKLMNOPQRSTUVWXYZ 1234567890 
abcdefghijkimnopaqrstuvwxyz 


ABCDEF GHIJKLMNOPQRSTUVWXYVZ /234567890 
abcdefghisklmnopgrstuvwxyZ 

A BCDEFGHIKLMNOPQRSTUVWXYZ 
abcdeflghizklmnopgrstuvwxyz 7234567890 
abcd efshijklmnopgrstuvwxxz 1234567890 


Rand Mc Wally & Co. Chicago. 
A.van der Grinten, draftsman. 


ABCDEFGHIJKLMNOPQRSOTUV 


WXYZ 
abcdefghijklmnopgqrstuvyv 
WX YZ 
[2545 epee ces Oe /gor D0) 67890 
Alp iC ema Hid TOLMAN OPO. POT LV 
WXYZ 


abcdefghijkimnopqgrstuvwxyz 


The above Alphabets were made in about J2 Minutes without any 
Atternpt at Correcting. They represent the standard Lenering 
used in the Illustrations of “Engineering News” and form the 
Basis of the Styles shown in the Writers Book on Freehand 
Lettering — Actual One —Stroke Lettering. 

Chas. W. Reinhardt. 
Chief Drattsrman, Engineering News 
Publishing Co 
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DRAWING ROOM 
BALDWIN LOCOMOTIVE WORKS 


— Standard Letters & Figures. 
Aa Bb Cc Dd Ee Ef Gg Hh Ti Jj 
‘Kk Ll Mm Nn Oo Pp Og Rr Ss Tt 
Tit Vu Wu Xx Yy 25 & 183460690. 


Aa Bb Cc Dd Le ff 6G Hh ly ty Kk LI Mm Nn Oo Fp Qg Kr Ss Tt 


Uu Vv Ww Xx Vy 23 & = SLI4ASOIEGO. Practice makes pertect 


ABCDEFGHIJKLMNOPQRSTU 
Vy VV OXOVE ZS see 


ABCDEFGHIJKLMNOPQRSTU 
VWXYZ 
1234567890 
THIS LETTERING IS DONE WITH A. 


WRITING STICK OF BOXWOOD GROOVED 
TO HOLD THE INK. = 


BRowN & SHARPE MrG. = 
PER Geo. H Newton. 
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MW WH war OVNI INAV OY OW WNW AS WMA AY 

CdS OSSS MIYR LC TOOSQAARAS DA 

Qs CW Yo Qy 
Soo orw Vv My vor MOV My Me 

NOW AVVOMOAVIVONY DWV QOVVa, Nivey, ROW - 
AWW 0Y BWR Vaan anviy woo Ayo 
Arw oororviwy ho every av AMON OW, 
ARO, ONY 80/ OMY ANVON AV AWONRAVONY HON 
RNRN DVO AY KYWAOMY ORO OK AVON 
Xo Rady More ov owes, 


ADCDET GAled ALM 
abcde y @ me ‘ KK ie iP Op alr 

0 eco Fae 

aug Re udded 

by Bis cerita. a 

“— ‘Whit ike mepers 


ia NE rn oa 


= Ege FS onbs ep Oe ae 


~— Koewille. Teor. 


22 The University 


ABCDEFGHISKLMNOPQRSTUV 


alocdelg hij kl nopersluyvwxyz & 
=(254567690= 
Id WIDE, . 
- if ia aera A DRAWINGS 
Weicri Manes rt loon fi [irrisHeD, 
& Nal Lok ES leata qe ETTERS THat |oor NEAT 


\NuetHer ARGE OR ] )IMINTISHE 
Nis p= la D % 


In @lze. 


(feof Barner GG, Arcuirecrs, 


[tproxvitte EMrressee. 


Mey is Far faces Te ASE Clery pei mae 
Gases a : 


ear | 
me Rae hae 


rae aut 

0 EDEL 
ee SHED Chie 
TOxV/1! 1€ 
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DRAWING Room. 
BALDWIN LOcOMOTIVE WoRKS. 


STANDARD LETTERS & FIGURES. 
AA DB Oc Dai be bre Ge AA lpJdu 
ii beatin MeO hr OO RR OOS aia 


tN WY won ry Zz & & 
PeS +5 '°627'6:970.. 


lee It S67 8) 90. 


ABCDEFGHIUVKLMNOPQRSTU 
VWXYZ 
abcoefghijkimnopaqrstuvwxyz 
125456 7890 


W.C.Bolgia no. 
Eoce Moor Brioce Works. 
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Sample of Title for Lrawings 


96"BORING MILL 
«D7 Ng CEAG RI EEDNG MECH 
SCALE BL! WYSELLERS &CO/INCD 


- HBACON 
ORDER /V: : JUNE 9-/896. 


— Deamve NV? (SO6/ 


ABODE GHI/KLMNOP 
ORSTUVWXYZ & 
ABCDEF GIKLMNOPQAST U 
VWXYZ 1234567890 
W”"SELLERS & Copenh 
FILADEL. Via SA 


H.BACON 
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AS A PLAIN EASILY ACQUIRED LETTER 


ee 


ee 


FRIGHT-LINE PEN WEHAVE ADOPTED FOR 
ALL NOTES THIS STYLE OF GOTHIC., 


A BC DE FGHIVKLMNOPQRSTUVW XYZ &/ 
1234+ 567 B90 — nif 


1 Ol eae 2a eS aS Le 


EAN Ces we OL Cote GAG wba bee 
Sap 2 a OG tg ee IN og Oo pa ale pa ae 
Sea Va OV iter ee 


A BCDEFGHIJKLMN 
OPORSTFUVWX YZ. 


ABCDEFGHIJKLMOPQRSTUV 
W XY Z. 


1234567890. 


M.C. Pierce 
EDGE Moor BrioGe WorKS 


ABCDEFGHId 
ALMIN OF G fae 
UVWXYZO- 


abedefghiyklmnop qr 
STU DWXY48- 


1TRO4) 67698 

Piers 
ae Cofferdams CTC aaa 
Ike « Carters CEs Det: 
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bewe 00,000, GSU) 
ee 9, Cy. cl. cen, 5: ‘hy. tk 


Pe wo tO, OIC 5. 


Po: |. ML, LO, YO. GFT. SS, 


SAAT WS ICSE, Se 


SCH We 3c, Be 
les 45 67290 6°48 


Note;— 


Pettocn (Cease! 30 ko healtecedl 
fons \eagte COAT ag fox ora ec 28 ctr, 


of rake SE To rerocmce 1O- OR 43. 


By C. K.BOZe. Ces Jorsoneen 
folesdeod Oris. “Walaere Covorpacany. 


£ 
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TEST OF AN ISOLATED ELECTRIC LIGHTING PLANT. 


By 8. A. BEYLAND. 


al? HIS article contains the results of tests of the gas engine 

and lighting plant belonging to the First M. E. Church, | 
of Knoxville, and was made in order to ascertain the economy 
of such a plant in actual service as run by the janitor. No 
precautions were taken to have the machinery in better order 
than usual, and the gas was measured by the regular meter 
furnished by the gas company by which the bills were made 
out. 

The tests were made by the engineering students of the 
University under the supervision of Dr. Perkins. They con- 
tinued for about three hours. 

Location: The engine and dynamo are located in the base- 
ment of the church, and in a cramped position between the 
wall and the furnace used for heating the building. During 
these experiments, on account of starting the fires, the tem- 
perature of the roam tose romoo 10-32. 

The switch board was on the opposite side of the building 
from the dynamo, on the main floor, and all the branch cir- 
cuits were fed from this point, thus introducing a large drop 
in pressure, as mentioned below. 

Current and E. M. F. were measured by Weston instru. 
ments. The ammeter read only to50 amperes. Above that 
point current was reckoned by the number of lamps in circuit. 
Speeds were measured by a tachometer, and quantities of gas 
by the meter in regular use furnished by the gas company. 

The engine was the regular Otto ro-horse power machine, 
fitted with a governor controlling the speed by reg- 
ulating the number of explosions. This governor worked 
well at high loads, but at very light loads the speed 
would frequently drop five revolutions or more below 
normal before an explosion would occur. The dynamo 
was rated at 110 volts and 60 amperes. It was compound 
wound, and the characteristic is shown in an accompanying 
diagram. For further regulation a rheostat is placed in the 
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CHARACTERISTIC Qreep. 


Sp DYN AMO 


% FT. GAS PEA mIN, 


(600 2600 3000 44000 F000 6060 
shunt field coils, which is cut out at high loads in order to 
compensate, 1oretho excessive. losses in the feeders. The 
dynamo was run ata speed of about 1550 revolutions per min- 
ute. During the course of the test additional lamps were 
thrown on until the current rose to 70 amperes, while the tem- 
perature of commutator increased from 60° to 122°, the tem- 
perature of the room increasing during the same time to 82° 
as above mentioned. Witha current of 50 amperes, a drop of 
7.7 volts was noted between dynamo and switch-board, indi- 
cating aresistance of aboutr5 ohms. The wire was evidently 
too small, causing a loss of 1% for ten lamps, 5% for 50 lamps 
and 10% for 100 lamps. The loss in branch curcuits was also 
quite large, but was not determined, the lamps in the main 
chandeliers being inaccessible. The lamps used required 
about 80 watts; or 5 watts per candle power if we take them 
at their rated (16) candle power. 

The consumption of gas above that necessary to run the 
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engine and dynamo unloaded increased quite uniformly with 
the load. 

The accompanying figures show the cost of lighting per 
hour of actual plant for different loads, also cost for same 
plant if 4 watt lamps or 3 watt lamps Were used. Lines are 
also drawn showing the cost of the same illumination using 
gas, the gas being taken at 20 c. p.as given by the regular 
tests of the gas company. The gas is reckoned at $1.00 per 
1,000 cubic feet, and at $1.50 per 1,000 because the local com- 
pany charges the latter price for gas used for illumination, 
while for gas engines and all fuel consumption they charge 


$1.00 


J0 


Ky 
40 (C} 
ry S Bins 
© S Z 
wis 
& 
I \N 
. ee 
’ ihe 
2077 Wee 
ww 
uv LF 
K Se 
0 | LAMPS, oR EQUIVALENT GAS 
20 HO 60 $0 100 120 


From a consideration of the figure it will be seen that, 
where only a small number of lights is required, gas 
used directly is much cheaper. Above thirty lamps it is de- 
cidedly cheaper to use the gas for fuel in driving the dynamo. 
Thus if it is desired to illuminate but one or two of the 
smallerrooms, the gas burners are used, but if the main audi- 
ence-room or the entire building is to. be lighted, the dynamo 
1s put in operation. 
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Q re) 
te th EXTERNAL 2g os fs mis ow 
Fer oes | B82) 853 | ate 
co} 7 : il ma od 
2 Sah ae | : | eros Seal pera hee 
Hneine with nonoade. sce c.csscce ee ons De pret tths Pied icra #04 Staal oks salen ge 
Belted to Dynamo—no current..... RE eA pean Rd pret pions A | ieee ara 
3 110.5 2.13 225 1.82 27.3 485 31.0 
31 112 22.6 2531 2.83 5.3 .067 4.23 
51] 112 38.0 4256 3.61 4.16 051 3.26 
71 110 (51.8) A102 4.29 3.57 045 2.58 
67 110 49.0 5390 4.17 3.68 .046 2.94 
OS ilies sve con few as 6296 Fcae tegen aac a cis thes scew eviews PEE 
80 | ohana TOMER Opec 611 Or Wits DO LEP a ier ns weet toes omhecee|sreucci ous 
110 58.3 6471 4.84 3.58 044 2.86 
98 110 71.3 7843 5.36 3.25 041 | 2.52 


Current in shunt coil, 1.835 amp. Loss, 1.43 watts. 


Drop to switch-board with 70 lamps, at 50 amp., 7.7 volts. Loss, 
385 watts, or 17.3 c. f. gas per hour. 


32 The University 


THE OXIDATION OF SILVER.1 
By PROF. CHAS. E. WalT, PH. D, 


| fe a former paper? I had occasion to call attention to the 
large amount of silver present in a sample of bismuth 
litharge from a westerm smelting and refining company. 
The silver in this instance estimated in the metallic state 
was 2.94 per cent. : 
-. There was some doubt expressed as to the condition in 
which the silver existed, it being usually reported in the me- 
tallic state. Upon investigating it was found, as was shown 
in the paper referred to, that the silver did not exist wholly 
in the metallic state, but partly in another form, probably 
the oxide. 

The conclusions reached at that time were based upon the 
following experiments: 

1. A weighed sample of the litharge was boiled in acetic 
acid for about half an hour, the solution was filtered, and the 
filtrate gave no reaction for silver. 

2. Same as above, but with continued boiling the filtrate 
gave no reaction for silver. 

3. A sample was placed in cold acetic acid, kept there for 
half an hour, then heated to boiling, the solution was filtered, 
the lead was precipitated, and in the filtrate silver was found’ 
to exist, corresponding to 19.25 per cent. of the silver in the 
litharge. Other determinations gave closely agreeing results, 
and it is interesting to note that the residues contained eho 
of metallic lead, or argentiferous lead. 

I have placed the pe cae interpretations upon the above 
results: 

In Nos. 1 and 2 if any silver in any form was dissolved in 
the acetic acid, it was in turn reprecipitated by boiling, in the 
presence of metallic lead. 

In No. 3 the silver dissolved did not in all probability 
exist in the metallic state; and in this case was not precipi- 
tated by the lead, or argentiferous lead, the solution being 
brought merely to the boiling temperature. 


1 From the Journal of the American Chemical Society, March, 1896. 
2Trans. Am. Inst. Min. Eng., 15 
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I have been lead to the above interpretations by showing 
that neither metallic silver reduced to fine subdivision by 
mechanical means, nor silver freshly prepared by zine from 
silver chloride, is soluble in acetic acid, while argentic oxide 
is soluble in that acid; and a solution of silver oxide in acetic 
acid was precipitated completely by metallic ‘lead upon boil- 
ing. 

If the oxides are decomposed at a temperature of 300° C.,! 
or less,2 how may we account for the existence of this sub- 
stance in a product so highly heated as the litharge from the 
refining furnace? 

Berthier® has observed that lead may be oxidized by oxide 
of copper, when the two are melted together, and further 
consideration of the subject shows that certain metals may be 
oxidized by being melted with an oxide of another metal, 
this oxidation depending in all probability upon the excess 
of the oxide present, Silver does not appear to be oxidized 
by oxide of copper if the results in experiment No. 18, p. 35 
of this paper, are trustworthy. 

According to Fournet’s experiments‘ silver is not an ex- 
ception to the metals to which litharge gives up a part of its 
oxygen when fused with them for a considerable time. 

While it is true that in the process of cupellation there is 
a loss of silver, due possibly to oxidation, yet I do not find 
any losses even in the most exaggerated cases at all compara- 
ble with the percentages of silver oxide which TIT have been 
able to produce by a simple, yet possibly new, method. 

It seemed to me an interesting problem to ascertain, if 
possible, the conditions under which silver may be oxidized 
at a high temperature, and the conditions under which the 
oxide of silver, if thus formed, would remain as such. 

Some interesting work has been done along a similar line, 
that is, a study of those oxides which are stable at high tem- 
perature, and those which are decomposed, but under neither 
head does silver seem to have been discussed. 

So few observations have been made along this exact line, 
as far as I have seen, that I have been induced to make some 


i Roscoe and Schorlemmer, Vol. II., Part lI. 
2J. Chem. Soc., 65, 316. 
3 Crookes and Rohrig, Metallurgy. 
4Hrdman’s Journal. 

— 8 J. Chem. Soc., April, 1894. 
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investigations with a view to throw liyht upon the subject, 
if possible. 

The general method of conducting the experiments, I will 
briefly state as follows: Metallic silver in minute subdivision 
was incorporated with one of the several bodies mentioned 
below, this mixture was put in a cupel of bone ash, or in a 
scorifier, and then placed in a muffle of an assay furnace and 
subjected to an oxidizing heat. | 

After this operation the mass was removed to a mortar, 


pulverized, then digested with cold acetic acid and the whole © 


then raised to boiling, the solution was then filtered; in case 
a lead compound had been used, the lead was removed by 
sulphuric acid and hydrochloric acid was then added. The 
silver chloride thus formed was filtered, dried, and wrapped ~ 
in a small piece of pure lead foil and then carefully cupelled. 

There was thus obtained the silver, which was converted 
to argentic oxide,—at least I assume it to be such,—and it is 
interesting to note that the amount of silver converted to 
oxide, and tabulated below, shows a very great range, in fact 
from only a trace to as much as thirty-nine per cent. of the 
silver used. 

This variation seems dependent upon a number of condi- 
tions, namely: the body with which the silver was mixed, 
duration and condition of heat, whether low, medium, or 
high temperature. As I did not use a pyrometer to ascertain 
the temperature during these experiments, I have thought it 
desirable to indicate the degree of heat approximately by 
such terms as “low,” “medium,” and “high,” referring to the 
condition of the heat as usually obtained in the muffle in the 
assay of silver. 

I append herewith several tables of experiments and re- 
sults: 


TABLE A, 
Caer aent A | Heated with Time of heat ie bee ee 
1 0.5 | 2. grams MnOs. | : 60 min. medium. 9.40 
2 try. a ke MnOsz. GQ, 20s bs 778 
3 0.5 2.5 2 Fe,QO;. HO. 58 LO none 
4 0.5 2.5 rs Bi,O3. 60 Gb 66 bb 
5 0.5 th 2 aes ZnO. bb awe ub uc 
6 OS 32 ie bee CaCO;.) 60 ‘ 66 6 


Scientific Magazine, 35 

From the above it will be seen that silver oxide was pro- 
duced, and remained as such where manganese dioxide, was 
used, and in no other case; it would also seem that this oxide 
was made at the expense of the manganese dioxide, and not. 
by atmospheric oxidation, nor does it seem to have been pro- 
duced in experiment 3, (certainly not remaining as such) 
assuming the possible conversion of Fe.O0; to Fe;0,1 


TABLE. 5; 
OMe eene| EGER |: Heatea witn |[Pimoeof heat| Comdttion | Fen cont. Ag. 
f\ 0.56 | 7.5 grams MnO,.) 30 min medium. 34.16 
8 0.5 | 10.0 VET Og BO: 6s ss 18.84 
9 0.5 a0 OaCOs 260 3" cs none 
10 Woo Oe tka: He, 602.41 cs 


The above results show that silver oxide was produced in 
the presence of manganese dioxide only; that less duration of 
heat than in Table A gives the amazingly large per cent. of 
that oxide, and it furthermore seems that the oxide produced 
is not in proportion to the manganese dioxide used, but the 
reverse condition is generally seen in each set of experi- 
ments. 


SAB LEEG: 

No ex- | Ag.in Condition Per cent. Ag. 
periment) gram. Heated with Time of heat) “of heat as Ag20, 
11 0.6 |1 gram MnOy,. 2.5 min. high 32.24 
12 0.6 | 2 grams MnOs. PASS hee b> 34.28 
13 0.5. | 2 re MNOS: pW Ae A es 11.72 


The above experiments show, other conditions being the 
same, the longer the duration of the heat the less oxide there 
is produced. 


TaBsLe D, 

. | > o 
agers | AE AD| Meatea with [rime of neat! Caption | Per cunt AS: 
14 0.5 |5 grams PbO. 10 min medium. 38.85 
15 0.57 parte Bb Oss TGs a 39.12 
16 OB) Ze 2 eS Baha. eens: 12.25 
17 (cD 5 “teen te ab ADs: LOis ct high 2.04 

0.5 aa Se Cn. jae re none 


1 J. Chem. Soc., 65, 313. 
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In Nos, 14 and 15 the mixtures were placed in scorifiers, 
and covered with ten grams of lead oxide. 

In Nos. 16 and 17 the mixtures were placed in cupels and 
covered with two grams of barium dioxide. 

It is interesting here to notice that barium dioxide serves 
as an oxidizing agent; that the amount of silver oxide pro- 
duced decreases probably both with increase of time and 
temperature. 

Although lead dioxide may readily give up a part of its 
oxygen and thereby be converted into a lower oxide, yet the 
amount of silver oxide produced was no greater than with 
lead oxide alone; this is an interesting illustration of the 
property of lead oxide to serve as a possible carrier of atmos- 
pheric oxygen, producing silver oxide in a manner similar 
to that of the two bodies, manganese dioxide and barium 
dioxide, liberating oxygen. In the case of lead oxide, No. 14, 
if dissociation is not possible! even at so high a temperature 
as 1750° C, it seems most reasonable to account for its peculiar 
oxidizing action, as mentioned above; zz: as a carrier of 
atmospheric oxygen. Although copper oxide has been shown 
to yield up a part of its oxygen at 1500° C, yet I find no evi- 
dence of silver oxide existing in experiment 18 in the remain- 
ing ignited mass. | 


SFG hh aed oe 
Novexs. | AA Heated with |Timeof heat| Condition | Per cent Ag. 
periment of heat as AgoO. 
eram. ’ 
19 0.56 |5 grams MnQs,. 60 min. medium. 36.4 
20 0.5 13 A Fe, 60 eo ra 0.3 
21 0.513 es co aCOg. | 30. “ 0.2 


In Table E a variation was made in the nature of the 
experiment. Freshly prepared silver oxide was used; while 
this oxide was completely decomposed upon being heated 
gently upon a porcelain lid, yet in No. 19 where manganese 
dioxide was used, it will be seen that 36.4 per cent. of this 
silver oxide completely escaped decomposition. 

The above results, in connection with others along a sim- 
ilar line, have induced me to believe that attention has not 
heretofore been directed to the ease with which silver may 


1J. Chem. Soc., 65, 316. 
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be oxidized by lead oxide, and particularly by substances 
which give up a part of their oxygen upon gentle ignition, 
such as manganese dioxide and barium dioxide. Is it not 
then reasonable to assume that certain losses, or irregulari- 


ities in the treatment of silver and its compounds, may be 
due to this cause? 


UNIVERSITY OF TENNESSEE. 
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EXPERIMIENTS WITH A DIFFERENTIAL WATTIIETER. 


By A. B. REYNDERS. 


The lossesin a transformer are of importance, though, up 
to the present, difficult of measurement. 

There are seven distinct methods more or less well known 
and practiced, namely: the calorimeter, dynamometer, three 
voltmeter, three ammeter, three transformer, wattmeter and 
the method of using E. M. F. and current curves. All of the 
above methods have objections, involving either very accu- 
rate readings to obtain fairly accurate results, or else expen- 
sive and. delicate apparatus. The wattmeter method is the 
one most used at present, and after the application of a cor- 
rection for self-induction the results are taken as accurate. 

A little over a year ago the idea was suggested of making 
a differential wattmeter, that is, two wattmeters having their 
suspended coils rigidly connected together, and acted upon 
differentially by the fixed coils. Such an instrument was 
constructed at that time. The fixed coils were arranged one 
pair above the other and in the same vertical plane, the dis- 
tance between the upper and lower pair being small. The pri- 
mary current (in this case of low voltage) was passed through 
the upper fixed coils, while the suspended coil was in shunt 
with the primary of the transformer to be measured. In the 
same manner the lower fixed coils were in series with the 
secondary, while its suspended coil was in shunt with the load. 
The current was so sent through thecoils that the upper pair 
tended to throw the suspended coil in one direction, while the 
lower pair tended to throw its suspended coil in the opposite 
direction. These two suspended coils being rigidly connected 
together yet insulated from each other, had as a whole very 
little deflection, and by the proper adjustment of resistances 
in series with them this deflection may be made zero. A 
mirror was attached to the suspended coils, and, by means of 
a telescope and scale, the least motion could be observed. 

The actual method of using the differential wattmeter con- 
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sists in first adjusting the deflection to zero, then calibrating 
by using a continuous current. By the use of a formula 
which will soon be deduced we are enabled to find the effi- 
ciencies by observing only the various resistances. The ad- 
justment to zero is first accomplished partly by sliding the 
fixed coils in or out so that there is little deflection, and then 
reducing this deflection to zero by varying the resistances in 
series with the suspended coils. After this has been done, 
and without changing the position of the fixed coils, the in- 
strument is calibrated by using a continuous current, passing 
the same current through both fixed coils connected in series, 
and adjusting the deflection to zero by varying only the re- 
sistances in series with the suspended coils. 


The formula above referred to is found as follows: 


Let I, = alt. current in fixed primary coils. 
a t ‘ suspended primary coil. 


1 ec a ss ‘“ fixed secondary coils. 

ip= “ f ‘“ suspended secondary coil. 

I,1= continuous current in fixed primary coils. 

ij= he ck ‘ suspended primary coil. 
I1= Be i “ fixed secondary coils. 

rt — m a ‘* suspended secondary coil. 


Ki, K:—constants of the primary and secondary wattme- 
ters respectively. 

Ri, Re—resistance in primary and secondary suspended 
coils with alternating current. 

Ri, Rel—=resistance in primary and secondary coils with 
continuous current. 

di, do, di, dei—deflection of primary and secondary coils 
for alternating and continuous currents respectively. 

For alternating currents: 


1=K,1,i=Ki lI a 
ad;= = ee 
1 1 1 41 1 x E 

Ep 
do.= Kz, I, Io= Ko I, 


9 


a 


Making the deflection equal to each other or the deflection 
of the coils differentially connected, zero. 


hoe Ree 
1 PRY i, 2 an es 
K; Eyl Rr 
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For continuous currents: 
Ei 
di K; L! i4i=K, T,! — 
R,! 


Hy! 

dol= Ky Ip! ipl =Ky Tol — 

Ry! 
Making di=d: for same reason as given above, and using 
the same current in both the fixed pair of cvils and the same 


difference of potential at the ends of the suspended coils. 


EF)! Eyl 
Kk, T,1 Sar Go Ky J,1 ae 
Rit RI! 
al SS ay marae (2) 
Ke OR, 
Whence ea eee b bA(2) in GL) 
=> SUD. 
Bae Talos 
Efficien pwns a 
ency=—| = 
area ee el eae 


which is a very easy expression to handle. 

The instrument as constructed last year was very unrelia- 
ble, having nothing to recommend it but its desire to make 
all transformers have an efficiency greater than unity. The 
induction of the upper coils on the lower ones and viéce versa, 
or, more likely, the direct action of the lower fixed coils 
on the upper suspended, and wice versa, caused a very serious 
error in the results, 

About this time a differential wattmeter, constructed by 
Prof. Kennelly,! came to our notice, and information was im- 
mediately sought about his instrument, with the result that 
we found several sources of error present in the wattmeter 
which up until then was thought to be original. 

Taking advantage of Prof. Kennelly’s suggestions, the 
fixed coils were separated about eight inches and placed at 
right angles to each other in a new differential wattmeter 
constructed at the beginning of this year. On testing the 
instrument for cross induction by passing a current through 
the fixed coils while the suspended coils were short circuited, 
no deflection was observed. The instrument was then tried 
to determine the efficiency of a transformer built in the shops 
for a capacity of 10 lights, but slightly damaged in some ex- 
periments. The transformer was designed to work on an al- 
ternating circuit of 20 cycles per second, being used as a step 


1Klectrical Engineer, Dec. 21, 1892. 
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‘up, having 1o lights in series on the secondary. The high 
voltage of the secondary required a high resistance in series 
with its suspended coil. 

At first great difficulty was experienced in obtaining a suit- 
able resistance, and after many substitutes were tried resort 
had to be made to wire resistances. These resistances were 
in part constructed in the shops of the University and in part 
consisted of an ordinary 100,000 ohm box resistance. The 
coil constructed in the shop was wound non-inductively on a 
wooden frame 12” high, 8” long, 6” wide, and measured about 
42,000 ohms. The resistance box had 10, 20, 30 and 40,000 
ohm coils, each wound non-inductively on aa single spool.! 

In using the instrument with these high resistance coils in 
series with the secondary suspended coil, fairly consistent re- 
sults were obtained with the 20-cycle machine, as can be seen 
from a set of experiments given below: 


= 


O 
eee ras Re Ru Ral 1nd ARR ASRAE Lamps on 
13 8370 132 489 6030 142,454 67. 65 14 
14 6360 102,272 6030 142.454 68.0 66 14 
15 6120 102,272 6030 142,454 70.7 65 10 
16 6360 102,272 6030 142 454 68 65 12 
1) 6640 112,352 6030 142,454 70.6 65 14 


All of the above results were very easily and quickly ob- 
tained, Some irregularities were introduced by sparking of 
the commutator, which finally became so great that these ex- 
periments had to be discontinued. 

The instrument was next tried on a transformer, using a 
current of 60 cycles per second, and efficiencies ranging from 
83.8 per cent. to 109 per cent. were obtained. Below is given 
a table which one can see at a glance is totally unreliable. 


No. Exp. Load Kff. 
DSR CMAN ened eek s was (20 liehts).fulhtloads on .iaeus 106.4 
a Oe Hod UNS pens AE OE ee MORE Dota Hale eTOAG fee ace aut occoweds 101.2 
et oe be in la pit apd ie Pa ad amar heliaload ee ae eee 102.8 
DMM a oN. te dos ar eea gets one-fourth load ciate cae 109.4 
DSi Rite rg Sea nestre orca ce OneOUTth TOR. dies ne eens 107.0 
athe Wer eS Sa EN ee oR ee Che To LOR She ee eee 104.0 


1As this coil was damaged and repaired, without adjusting. early in the ex- 
periments, these values are only approximate. 
employed in reducing the results. 


The exact values are of course 
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It will be noticed that no two measurements on same load 
agree, but differ about two per cent. 

Attention has been called by a number of experimenters to 
the error that may by introduced by the capacity of resist- 
ance coils, and the differences above given have been, largely 
at least, traced to this cause. 

To determine this source of error, an electro-dynamome- 
ter was specially constructed and placed in series with the 
resistances. First the 60-cycle current was sent through the 
circuit and the deflections noted, and then a continuous cur- 
rent, produced by about the same E. M. F. was used, noting the 
corresponding deflections. The square root of the deflection 
divided by the voltage! should be the same in both cases if 
there were no capacity. This was not the case, as can be seen 
from the following table: 


~ Alt. Current Cont. Current Pr. ct. of Alt. 
Resistance Squarert. of Deflection | Squarert. of Deflection |Current resist’ce 
divided by Voltage divided by Voltage above cont. 
132,439 025 020 45% 
112,394 .028 .028 0 
42,110 O61 .0d5 11% 
40,182 .060 .044 36% 


The decided differences found in the different experiments 
correspond with differences in the resistance coils used. In 
the first and fourth, the 40,000 ohm coil in the resistance box 
was used. This spool, being compactly wound, had a much 
greater capacity effect than the similar resistance used in 
the third experiment, which was wound upon a wooden frame. 

No such differences were observed when using the low pe- 
riod current (20 cycles). 

Experiments with the differential wattmeter have been car- 
ried only to this point, but they are sufficient to show the 
need of special examination of the coils of wattmeters before 
they can be used for alternate current measurements, and 
are sufiicient to cast more or less suspicion of inaccuracy upon 
all wattmeter measurements. : 

It is also evident that all potentiometer, or other zero meth- 
ods, as applied to alternate current work, have only a ficti- 
tious accuracy. For the strength of the current passing 


I Measured by an electrostatic voltmeter. 
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through any coil of wire with a given electromotive force 
must be determined by direct measurement by means of an 
electro-dynamometer instead of depending upon resistance 
comparisons by Wheatstone’s bridge. 

That such errors have not been more conspicuous in the 
past is no doubt due to the lower resistances usually em- 
ployed in such work, but there is no doubt of the possibility 
of such errors in many of the alternate current voltmeters 
and wattmeters now employed. 
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